We studied the diet of feral cats (Felis catus) on New Island, Falkland Islands, through the analysis of 373 scats collected during the austral summers of 2004/2005 and 2005/2006. The most frequent prey were three introduced mammals (house mice Mus musculus, ship rats Rattus rattus and rabbits Sylvilagus sp.) and the thin-billed prion Pachyptila belcheri (each season present on ca. 21% of the analysed scats). These represent the Wrst systematic data on feral cat diet for the Falklands. A simple bioenergetics model suggests that cats could be eating in the region of 1,500-11,000 prions per season, representing <1% of the local adult and subadult population. Predation on other seabirds nesting on New Island (several penguin species, albatrosses and cormorants) was unimportant, with the possible exception of white-chinned petrels Procellaria aequinoctialis, which nest locally in very small numbers. For each prion eaten, cats were estimated to have killed 1.1-1.9 ship rats during the summer season, and probably more in autumn and winter. Knowing that ship rats are prion predators, it is conceivable that, on the whole, cats are having a positive impact on the prion population, a scenario predicted by general theoretical models. Thus, considering the available information, we would not recommend the implementation of any eradication programme on New Island that would target cats in isolation. Nevertheless, it would be prudent to consider some local action targeting cats and rats around the small New Island white-chinned petrel colony.
Introduction
The introduction of mammalian predators on islands is regarded as one of the major threats to colonial seabirds of the recent past and the present (Moors and Atkinson 1984; Frenot et al. 2005) . In particular, seabird populations have suVered high losses due to feral cat Felis catus predation (Schramm 1986; Fitzgerald et al. 1991; Keitt et al. 2002; Frenot et al. 2005) , but small passerines and other birds are known to be aVected too (see, e.g. Veitch 2001; McLennan et al. 1996) . Such severe impacts result from lack of antipredatory adaptations of species that have evolved for longperiods in mammalian predator-free environments, such as oceanic islands (Powlesland et al. 1995; McLennan et al. 1996; Massaro and Blair 2003) . Feral cats have been introduced on a wide range of sub-Antarctic islands (all lacking native terrestrial mammals; Bonner 1984) , with catastrophic results in many cases (Frenot et al. 2005) . Although the eradication of introduced mammals, including cats, in order to restore habitats is now a common measure adopted by managers of insular ecosystems (e.g. Nogales et al. 2004) , the control of introduced pests should not be considered without a preliminary evaluation of the role of target species in the local food-webs. Cats, for example, can act as super-predators, removing undesirable animals, such as rodents or rabbits (Courchamp et al. 1999 the whole community of introduced taxa cannot be easily removed at once; in such cases, it is advisable to carefully consider diVerent management options, as the removal of only one member of the local community might have counterproductive eVects (Courchamp et al. 1999; Zavaleta et al. 2001) .
New Island, Falkland Islands, is an important bird area (Falklands Conservation 2006) because it holds internationally important seabird populations, including several globally threatened or near-threatened species, namely ca. 2 million pairs of thin-billed prions Pachyptila belcheri (Catry et al. 2003) , which represent the largest known breeding colony in the entire world, over 10,000 pairs of black-browed albatrosses Thalassarche melanophrys (more than 1.5% of the world population), as well as several thousand pairs of rockhopper penguins Eudyptes chrysocome, Magellanic penguins Spheniscus magellanicus and king cormorants Phalacrocorax atriceps (I.J. Strange, unpublished) . Furthermore, the island holds about half of the small Falkland Islands population of white-chinned petrels Procellaria aequinoctialis (Reid et al. 2007 ). These populations have coexisted with introduced cats, ship rats Rattus rattus, house mice Mus musculus and rabbits Sylvilagus sp., for, possibly, over a century, but it is unknown if any autochthonous species have suVered the eVects of the presence of the alien mammals.
A recent study has shown that, on New Island, thinbilled prions can reproduce very successfully in the presence of the above-mentioned potential predators ), but nothing is known on the prion adult mortality caused by cats, or the eVects of cats on other species. In this paper, we present the Wrst detailed assessment of feral cat diet anywhere in the Falklands and attempt to assess the direct and indirect impact of cats on their seabird prey.
Materials and methods

Study area
This study was carried out at New Island (51°42ЈS, 61°17ЈW), Falkland Islands, during the austral summers of 2004/2005 and 2005/2006 . New Island covers an area of 1,970 ha. Until the end of 2006, it was managed as two independent properties (New Island South and New Island North), now united, each of them with approximately the same area. This study was conducted at New Island South nature reserve only, but, given the uniformity of habitat and seabird populations in the two former properties, the main conclusions should apply to the whole island. The main vegetation cover is dominated by short grasses (mainly the introduced Yorkshire fog Holcus lanatus), dwarf bushes (diddle-dee Empetrum rubrum, mountain berry Pernettya pumila, amongst others) and cushion plants (mostly Apiaceae). Taller grasses as tussock Parodiochloa Xabellata and blue grass Poa alopecurus are restricted to isolated pockets. Another introduced species, the European gorse Ulex europaea, is present mostly around the settlement.
Cats are known to have been present on New Island from at least 1908 to 1916, when a whaling station operated there (I.J. Strange, personal communication) . Around 1965, some 30 cats were brought by the then owner J. Davis, to the aim of exterminating thin-billed prions (I.J. Strange, personal communication) . Presently, all cats living on New Island are wild and do not receive food or shelter from humans. Three other introduced mammals occur on the island. House mice Mus musculus were introduced accidentally, probably right after the arrival of the Wrst settlers, in the late 1850s or 1860s. Ship rats Rattus rattus probably arrived at the time of the whaling station. Rabbits Sylvilagus sp. were most likely introduced around 1820 by whalers and sealers from North America (I.J. Strange). All three last species seem to occur throughout the island, although mice and rats may be more abundant in tussock covered areas and rabbits are particularly numerous around the settlement area.
Thin-billed prions have pelagic habits and are present on New Island only during the breeding season, the Wrst birds arriving in early September and the last juveniles leaving in early March (Strange 1992) ; their breeding burrows are distributed all over the island surface in variable densities (Catry et al. 2003) .
Diet sampling
Opportunist and systematic cat scat collection was made from November 2004 to mid February 2005 and again from September to December 2005 throughout New Island South. An eVort was made to adequately sample all areas and habitats, so that results should not reXect the preferences of only a few individual cats or particular diet traits in some areas only. No other terrestrial carnivores exist on this island and therefore all scats found were known to be excreted by cats. Only a minor percentage of the collected scats (<5%) seemed to be older than 1 month. Scats were soaked in water for ca. 20 min and prey items were sorted visually. Bones, teeth, hairs and feathers were identiWed through comparison with a small reference collection made for the purpose. Results are presented in terms of frequencies of occurrence. Although there can be spatial and seasonal variation in cat diet, preliminary analyses indicate such variation to be relatively unimportant. Given that sample sizes were small for each particular area and month, we opted not to present such detailed results in this paper and concentrate instead on the broad features of diet and possible impact on prey.
Estimating the number of prions eaten per cat
We estimated the number of prions taken per cat using a simple bioenergetic model. First, the daily energetic needs (or Weld metabolic rate, FMR as deWned in Nagy 1987) of one adult cat were calculated from an allometric formula (kJ/day = 1.67 (g bodymass) 0.869 ; Eq. 5 in Nagy et al. 1999 ). As the average body mass of New Island cats is not known, we assumed it to be 4.0 kg for males and 3.5 for females (see Pascal and Castanet 1978) ; where diVerences between males and females were not to be taken into account, we used 3.75 kg for the body mass of an average cat.
Second, we reconstructed diet from scat analysis and determined the relative energetic importance of prions in overall cat energy intake (see more details in Tables 1, 2 ). For this, we assumed the caloric value of fresh bird meat to be 10.9 kJ g ¡1 and of mammal meat to be of 6.25 kJ g
¡1
(following Phillips et al. 1999; Votier et al. 2004 ). Eggs were considered to have a caloric value of 29 kJ g ¡1 (dry weight), following Sotherland and Rahn (1987) and Votier et al. (2004) . Energy content of each prey was determined using published values of average mass from various sources (see Table 2 ) and considering that the whole prey was ingested in each meal. For large prey that would represent more than one single meal (rabbits and waterfowl) we assumed the meal mass to equal the daily amount of fresh meat required by an average cat whenever there was only one prey type on one given scat. This amount (or daily fresh matter intake, FMI) was calculated using another allometric formula (Eq. 10 in Nagy 2001): g FMI day ¡1 = 0.348 (g bodymass) 0.859 , which yields, for a 3.75 kg cat, 409 g day
. However, on 44.8% of the scats where rabbits occurred, other prey species were also present; given the importance of rabbits on cat diet, on those cases we considered that the ingested rabbit mass would be better represented by half of the FMI. The "average ingested rabbit mass" per scat where rabbit occurred was therefore calculated using a weighed formula: 0.552FMI + 0.448FMI/2, or 317.4 g for a 3.75 kg cat. As this is a likely source of uncertainty in the model (because the FMI represents an average daily value and because the size of the analyzed scats was quite variable, the amount of food taken daily by one cat was also probably not constant), and in order to test the sensitivity of the model, we also tentatively assumed the average rabbit meal mass to equal FMI or to be just half of this value (FMI/2). We assumed that both bird and mammal meals would include a similar percentage of nondigestible matter and therefore we used whole body mass values to calculate relative contributions of diVerent prey.
Third we determined the approximate metabolizable energy content of one prion. The mass of one whole prion is 154 g (Cherel et al. 2002) . We found that on prion corpses that had been obviously eaten by cats, the main parts consumed were the chest and the head. This is consistent with the most frequent body parts of prions present in scats: parts of the skull and bones from the chest. Based on these observations (and following Phillips et al. 1999; Votier et al. 2004) we considered that only 65% of one prion carcass (or 100 g) would be available for cats as digestible matter. The metabolizable energy content of one prion was obtained multiplying assimilation eYciency (assumed to be 84% for this kind of food; see McVey et al. 1993 ) by its gross energy content, assuming that 1 g of prion fresh matter contains 10.9 kJ (following Phillips et al. 1999) .
Knowing the metabolizable energy content of a prion and the relative energetic importance of prions in the overall diet, it is straightforward to estimate the number of prions consumed by each cat. Prions are regularly seen ashore for 5 months per year, and hence, daily consumption was multiplied by 30 and then by 5 to give the annual consumption per cat.
Inclusion of female reproductive status in the model
Energy requirements of pregnant and lactating females can be signiWcantly diVerent from the ones of non-pregnant females and males. Energy consumption of pregnant and lactating females has been described as 1.25 and 3.125 times, respectively, the energy requirements of nonpregnant females or adult males (see Konecny 1987) . To account for a degree of uncertainty regarding the number of reproducing females, we modelled the total energy consumption considering two extreme situations: that one-third of the females were pregnant and that all females were pregnant. Pregnancy period was assumed to last 60 days followed by a lactation period of the same number of days. We used 1.25 and 3.125 times the calculated FMR for pregnant and lactating cats, respectively. On the absence of data on social structure of New Island feral cat population, a sex ratio of 1:1 was assumed.
Estimating the number of cats During this study, we systematically searched for cats in an area of 0.5 km 2 around the settlement area. All cats seen were noted and a detailed record with descriptions of individual variation in colour and morphology was kept. A density value was calculated and a tentative extrapolation was made for the rest of the island. Furthermore, when working in other parts of New Island South, during the whole summer, we kept detailed notes of cats seen, to produce a minimum estimate of the local population. This minimum estimate is given by the minimum number of identiWable cats. Furthermore, there were areas (more than 1 km from areas with recorded cats) where we saw no cats but noted abundant signs of their presence (fresh scats and footprints) and we assumed those sectors to have a minimum of one resident cat. These methods do not give us a precise and reliable estimate of the cat population, but they allow an estimation of a range of likely orders of magnitude.
White-chinned petrel breeding success
The breeding success of thin-billed prions on New Island in the presence of introduced predators has been assessed before ). Other seabird species nesting on New Island are relatively abundant and given that they are absent from cat diet, or occur only very rarely (see "Results"), they seem not to be aVected by this predator. One other species, however, is a cause for concern. Whitechinned petrels nest in very small numbers on New Island ) and hence it is unrealistic to expect them to be found in any numbers on cat scats, even if predation occurred. Hence, we monitored breeding success of this species by visiting marked nests (inspected with the help of a burrowscope) in early December (just after egg laying) and again in late February (mid chick-rearing). Although a further, later, visit to the nests would have been desirable, that was not possible due to our absence from the island.
Results
Cat diet
A total of 373 scats found within the area of New Island South were analysed, of which 220 were collected on the austral summer of 2004/2005 and 153 during the austral summer of 2005/2006. On both seasons the most frequent prey were three introduced mammals (ship rats, house mice and rabbits) and the thin-billed prion (see Table 1 ). Other identiWed prey items were Wve bird species, eggs, insects and crustaceans (see Table 1 for details). 
Number of cats
In both years of study, only two reproducing females were found in our intensive 0.5 km 2 study plot. Each female (and their kittens) were observed on >12 occasions in each year and we Wnd it most unlikely that other reproducing females could have been missed. One or two males were occasionally seen in each year and a possible female was seen once. These observations suggest a density of 8-10 adult cats per km 2 , which is consistent with what has been found in other sub-Antarctic islands (Van Aarde 1984; Nogales et al. 2004) , even though lower densities were recorded on the Kerguelen archipelago . Knowing the density will be lower elsewhere on the island, because of less food and cover, we can somewhat speculatively estimate that the maximum likely overall density on New Island South is 8 cats per km 2 , which would mean a population of 80 adult cats. The absolute minimum, estimated from observations all over New Island South, is 16 cats, which is, undoubtedly, an underestimate. Given the above Wgures, it is reasonable to assume that the overall cat population on the 20 km 2 of New Island is in the region of 30-160 cats.
Number of prions consumed by cats
We calculated the daily energetic needs (FMR) of one average adult cat to be of 2,131 kJ day
¡1
. If we estimate the number of prions ingested by New Island cat population (30-160 individuals) assuming a proportion of one-third of all females to be pregnant and lactating during 2 months, some 2,616-13,952 prions Table 2 Mass constant values used on calculations and relative contribution of each type of prey in terms of fresh mass and energy on cat diet on each season Caloric equivalents used were 10.9 kJ g ¡1 fresh mass for birds, 6.24 kJ g ¡1 fresh mass for mammals and 29 kJ g ¡1 (dry weight) for eggs. Mass values were taken from the following sources: (1) average mass for New Island individuals (N = 55); Mónica Silva, personal communication; (2) average value indicated by King et al. (1996) for New Zealand individuals; (3) the estimated average rabbit meal mass deWned as 0.552FMI + 0.448FMI/2, FMI according to Nagy (2001) ; (4) average value between rat mass and rabbit meal mass; (5) Cherel et al. (2002) ; (6) estimated value from own experience according to size of the bill; (7) FMI according to Nagy (2001) ; (8) Trejo et al. (2006) ; (9) Jiménez and JaksiT (1989) ; (10) average mass of all identiWed passerines; (11) average mass of all identiWed passerines together with prions; (12) attending to shell structure and remaining membrane most if not all recorded eggs were from thin-billed prions; mass value from Strange (1980) Breeding success of white-chinned petrels
In late February 2005, white-chinned petrel chicks were found in only 11 out of 23 nests known to have contained an egg; hence, breeding success was 48%, or less. The corresponding Wgure for the following season was 44% (from 25 nests studied). In each year, we found half-grown feathers lying at the entrance of nests (3 cases in 2005 and 1 in 2006). The feathers had been chewed in a way that revealed the action of a mammal predator or scavenger.
Discussion
The results of this study show that, on New Island, the diet of feral cats during spring and summer consists mostly of introduced mammals, namely mice, rats and rabbits. The only native species regularly consumed is the thin-billed prion, which, on each study year, was found on approximately 21% of the analysed scats. These results are interesting and somewhat surprising, given that prions are extremely widespread and abundant. Our personal experience shows that, on most nights, even clumsy humans are able to catch prions by hand, without much eVort. Cats are known to be opportunistic predators (taking prey approximately according to their availability and relative abundance, see for example Pontier et al. 2002) . Nevertheless, on New Island it appears that cats frequently make an extra eVort to hunt any of the fast-moving introduced mammals instead of taking the readily available and (by human standards) easy to catch prions. Although we do not have quantiWed data on the abundance of the mammalian prey, rabbits, for example, were clearly scarcer than prions. This seems to indicate some kind of preference for rodents and rabbits in relation to prions, although such a hypothesis needs a more careful formal testing. The relative importance that introduced mammals, including rats, has on the diet of feral cats on New Island can have important implications in relation to the role played by cats within the local food web (see below). The estimated number of prions consumed by cats may seem high in absolute numbers. However, knowing that, according to the most recent census (Catry et al. 2003) , there may be ca. 2 million pairs of prions on New Island (4 million adult birds plus many more immature nonbreeders), the percentage of birds killed by cats is quite small (<1% of the estimated breeding population) and may well be sustainable. In the absence of detailed demographic data, all that can be said is that prion-breeding success is high ) and prions have co-existed with cats for many decades. Another aspect to consider is the fact that the toll taken by cats is small, compared with estimates of numbers taken by the two most important local native predators: striated caracaras (Phalcoboenus australis) and Falkland skuas (Catharacta antarctica) are estimated to take more than 40,000 adult and sub-adult prions each summer season (own unpublished data).
The main factor of uncertainty in our study relates to the number of cats living on New Island. Despite this, our models show that even when considering the scenario with the densest likely cat population, the number of prions consumed is relatively low, compared to what is taken by other predators or in relation to the size of the prey population. In this context, our estimates are useful and the Wrst available for this globally important prion colony. Furthermore, results clearly show that cats do not regularly prey on other seabird species present on New Island, even though penguin, cormorant and albatross chicks are present in large numbers and probably could be easily subdued by a determined cat. Rockhopper penguin chicks were occasionally taken, but numbers involved were undoubtedly small. We cannot estimate such numbers, but only a reduced number of cats would have their vital areas overlapping with the localised penguin colonies. Rockhopper penguin breeding success was high in both study years and in two posterior breeding seasons (own unpublished data).
Because white-chinned petrels are so scarce on New Island, it is not surprising that the species was not found on cat scats. Nevertheless, cats could have an impact on this species, even by predating only a small number of individuals. Predation of adults is most unlikely, as it is risky for the cats. But we found evidence of possible cat predation on white-chinned petrel chicks in both study years. Despite this, our breeding success estimates (44-48%) are at the same level as those obtained by studies at South Georgia, where Wgures for a mammal-free island were 44-50%, in 3 years of study (Hall 1987; Berrow et al. 2000) . It should be noted, however, that our Wnal check of nests was midway through chick-rearing, and more chicks could have died before Xedging. Hence, our breeding success values are maximum values. On the other hand, it must be pointed out that the New Island white-chinned population is known to have been approximately stable for the past 30 years (I.J. Strange, personal communication). More research is needed to better evaluate local breeding performance of this petrel and to conWrm the role of cats (and eventually rats) as predators of chicks. Meanwhile, some precautionary measures to protect this colony should be considered (see below).
One of the most important results from our study is the indication that, during spring and summer, for each prion eaten, cats take approximately 1.1-1.7 ship rats (see Table 1 ). Considering slightly higher rat consumption in autumn-winter (when other important prey items, such as prions and young rabbits, are unavailable), it is possible that, at least in some years, each cat directly eliminates more than Wve ship rats for each prion taken. Rats are potentially important small-petrel predators and they are known to eat prion chicks on New Island ), but we have no data on the number of prions eaten by each rat. However, it can be easily seen that it would be enough for each rat to take two prion chicks per year, for cats, through predation on rats, to directly save a minimum of ca. ten prion chicks per season (in the absence of any compensatory mechanisms), per each adult prion killed. Under this speculative, but plausible, scenario, cats could have a positive eVect on the prion population, despite the fact that they regularly hunt and kill these small petrels. The predation of cats on rabbits may also have a positive eVect on the island ecosystem. In fact, rabbits, if present in large numbers, may have direct impact on seabirds by occupying their breeding burrows or destroying them during their digging activities; they may also contribute to soil erosion, which in turn will result on a reduction of quality of breeding habitat for burrowing petrels.
To conclude, the present study concurs with previous empirical and theoretical evidence (see, e.g. Courchamp et al. 1999; Zavaleta et al. 2001; Fan et al. 2005; Frenot et al. 2005; Gaucel and Pontier 2005) suggesting that trophic relationships between cats and their native and introduced prey can be complex. Although the impacts ship rats, mice and rabbits have on the New Island ecosystem have not been fully quantiWed, it seems possible that cats, by limiting the numbers of their mammal prey, could play a positive role in the maintenance of local biodiversity. Thus, considering the available information, we would not recommend the implementation of any eradication programme on New Island that would target cats in isolation. Nevertheless, and while a more integrated eradication plan cannot be implemented, it might be prudent to consider further monitoring of the white-chinned petrel population, coupled with direct action targeting cats and rats around the small New Island colony, particularly during the nesting season. To this aim, the possibility of locally poisoning or trapping rats and cats should be evaluated (see Jouventin et al. 2003) .
